Fatty acids as an energy source for the operation of axoplasmic transport.
Fatty acids are utilized as a cellular energy source. In the present study, we investigated whether fatty acids could affect axoplasmic transport. Cultured mouse superior cervical ganglion neurons were placed in the glucose-containing medium (145 mM NaCl, 5 mM KCl, 1 mM CaCl(2), 1 mM MgCl(2), 5 mM D-glucose, 10 mM Hepes, pH 7.3, 37 degrees C), and axoplasmic transport of particles in neurites was observed under video-enhanced contrast microscopy. A variety of fatty acids (acetate (C2), caproate (C6), caprylate (C8), caprate (C10), 2-decenoate (C10:1), arachidonate (C20:4); 0.1-1 mM) caused a transient increase in the amount of particles transported in both anterograde and retrograde directions. The increasing effects of fatty acids were dose-dependent. A half-maximum effective dose (ED(50)) for acetate was 0.8 mM, which is similar to the reported K(m) value of acetyl-CoA synthetase for acetate. The ED(50) for caprylate was 28 microM, which is near the K(m) value of acyl-CoA synthetase for medium- and long-chain fatty acids. Application of 5 mM malonate, an inhibitor of the citrate cycle, induced a steady-state decrease in axoplasmic transport, indicating that energy derived from the citrate cycle is required for the maintenance of axoplasmic transport. The increasing effect of acetate (1 mM) on axoplasmic transport was completely abolished by pretreatment with malonate (5 mM), suggesting that acetate produces ATP for axoplasmic transport via the citrate cycle. Alternatively, the effect of caprate (1 mM) was retained after treatment with malonate. Thus, fatty acids except acetate produce ATP probably through both the beta-oxidation pathway and the citrate cycle, increasing axoplasmic transport. Since the effect of fatty acids was transient, certain negative feedback mechanisms might be involved. The removal of glucose from the medium resulted in a low steady-state level of axoplasmic transport. Under such condition, the acetate (1 mM)-induced transient increase in axoplasmic transport remained. Since intracellular ATP must be low under glucose-free condition, intracellular ATP concentrations are unlikely to be involved in the feedback system. Instead, acetyl-CoA or its downstream products in the citrate cycle might lead to feedback inhibition. Application of citrate (5 mM) caused a strong decrease following a transient increase in axoplasmic transport, whereas no other acetyl-CoA product decreased axoplasmic transport. Thus, excessive citrate may be one of factors leading to feedback inhibition of metabolic pathways to arrest and reverse the increase in axoplasmic transport induced by fatty acids.